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1
Introduction
In this contribution, we discuss how to fix some issues in type-2 PUSCH hopping. 
2
Discussion

2.1 Current Specification
In 36.211, type-2 PUSCH hopping is specified via a set of formulas, which consist of the hopping function fhop(i), and the mirroring function fm(i), as shown below:
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Note that the index i can be either slot (intra+inter-subframe hopping), or subframe (inter-subframe hopping only). As a result, the periodicity of the two functions is fixed at 10ms, with i ranging from 0 to 9, or 0 to 19. Note that H-ARQ RTT may be 8ms or 10ms. For 10ms H-ARQ RTT, the above two functions for Nsb>1 will not hop during H-ARQ transmissions of the same transport block. For 8ms H-ARQ RTT, fhop(i) for Nsb=2 will not hop during H-ARQ transmissions of the same transport block as well, due to its nature of alternating between two adjacent subframes.
2.2 Proposed Solution
To fix the above issues, we observe the following:
· One design principle in Type 2 hopping is that all 'VRB' resource blocks in a given cell hop in sync. This can minimize the necessity of using PDCCHs to dynamically schedule PUSCH for the purpose of minimizing resource fragmentation and/or collision. This design principle should be kept.

· It is important to minimize the potential out-of-sync probability between eNB and UEs in the hopping function and the mirroring function. 
· The “new” formula should be relatively simple, and if possible, can accommodate both Nsb=2 and Nsb>2, and for both 8ms and 10ms H-ARQ RTT.

· The impact to the specs should be minimized

Given the above, it seems natural to still utilize a time-domain parameter for the implicit type-2 PUSCH hopping. One obvious choice is SFN. Note that PBCH has a periodicity of 40ms. The same periodicity can also be chosen for type-2 PUSCH hopping. The following formulas are proposed:
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The pseudo-random sequence generator is still initialised with 
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 at the start of each frame. 

The above formulas have the following properties:

· The periodicity is extended to 40ms, by the SFN dependent offset (0, 1, 2, 3)

· All VRBs in a given cell still hop in sync

· eNB and UE are always in-sync, given that UE is required to acquire SFN
· The issues for both 8ms and 10ms H-ARQ RTT, and for both FDD and TDD are resolved

· The implementation of the new formulas, compared with the old formulas, should be very simple

· The impact on the specs is minimal
2.3
Potential Issue
One potential issue with using SFN for type-2 PUSCH hopping is that upon handover to a new cell, or upon re-accessing the cell after being UL timing out-of-sync, the UE may not decode PBCH and hence obtain SFN in time for the SFN to be used for message 3 PUSCH transmission. Note that, the UE has to acquire SFN at some point, as many features rely on the availability of SFN, e.g., DRX configuration. 
Two options are envisioned regarding dealing with the potential unavailability of SFN:

· Option 1: Leave it to eNB implementation whether type-2 hopping would be used for message 3 transmission or not. From the UE perspective, if the SFN is not acquired yet, but the UE receives a RAR grant with type-2 PUSCH hopping enabled, the UE shall treat it as an invalid UL assignment. This may delay the RA procedure slightly but we don’t expect big impact on overall performance.
· Option 2: Disable type-2 PUSCH hopping for message 3 transmission.

We have slight preference over Option 2.
3
Conclusions
In this contribution, we provide a simple yet effective solution to fix the issues regarding type-2 PUSCH hopping.  The solution utilizes SFN to extend the hopping periodicity to 40ms. Further, we propose two options to address the issue of SFN being temporarily unavailable to a UE due to handover and re-sync in some cases, with slight preference over option 2.
The CR to 36.211 is attached. The specification on handling SFN can be either in the PHY specs or in the MAC specs.
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